and cauda (.---a) epididymis were radioiodinated, extracted with Triton X-100 and fractionated by electrophoresis on an 11% SDS/polyacrylamide-gel. The electropherograms were cut into 1 mm sections and counted for radioactivity. The mobilities of the H-and L-chains of y-globulin are indicated. (6) Electrophoresis in a 10% SDS/polyacrylamide-gel of that fraction of a 1 % Triton X-1000 extract of radioiodinated spermatozoa from the cauda epididymis which was eluted specifically from concanavalin A-agarose using 0.5 M-a-methylmannoside. The mobilities of the H-and L-chains of yglobulin are indicated.
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BIOCHEMICAL SOCIETY TRANSACTIONS corpous and cauda regions of the epididymides of Q strain mice. The spermatozoa were washed twice with PBS by centrifugation at room temperature at SOOg for IOmin, and washed finally through 7.5% Ficoll according to the method of Harrison (1976) . The spermatozoa were suspended in PBS, and 5 x lo* spermatozoa, in a volume of O.Srnl, were incubated with IOOpCi Na IZsI and 1Opg lactoperoxidase.
The reaction was initiated by the addition of 5p1 of 200pM-H 2 0 2 and sustained by the further addition at intervals of Smin of 3 x 5p1 aliquots of the solution of hydrogen peroxide. The reaction was terminated by removing the spermatozoa by centrifugation and washing them twice with 2ml of PBS. The radioactively labelled plasma membranes were extracted by suspending the spermatozoa in 200pl of 62.5 mM-Tris/(hydroxy methyl)-methylamine buffer, pH6.7, containing 1% Triton X-100 at 4°C for I h. The suspension was centrifuged at 2000g for lOmin and the supernatant was collected and examined by electrophoresis. The intactness of the plasma membrane, following the iodination reaction, and the selective solubilization of the plasma membrane by extraction with Triton X-100 were both confirmed by electron microscopic examination of treated spermatozoa from each of the three segments of the epididymis. Triton X-100 extracts from equal numbers of caput, corpus and cauda epididymal spermatozoa were fractionated by electrophoresis on polyacrylamide gels in the presence of SDS. and the electropherograms were stained with Coomassie Brilliant Blue G dye and sliced into segments 1 mm wide for radioactive counting. Two peaks of radioactivity (relative molecular masses 34000 and 44000) were present in the extract of iodinated cauda epididymal spermatozoa but not detectable in either caput or corpus spermatozoa plasma membrane (Fig. la) . The extract from cauda spermatozoa was separated by electrophoresis into 30 distinct protein fractions. The two proteins of relative molecular masses 34000 and 44000 bound to the column when the extract of cauda membrane was applied to concanavaline A-agarose and were desorbed from it by 0.5~-u-methyl mannoside (Fig. 1 b) .
Spermatozoa undergo functional maturation during their passage through the epididymis. Work on several animal species (Lea e f al., 1978; Olson &Hamilton, 1978; Hoskins et al., 1979; Kohane et al., 1979 Kohane et al., , 1980 Faye et al., 1980; Moore, 1980; Voglmayr et al., 1980; Wong et al., 1981; Wong & Tsang, 1982) suggests that spermatozoa in the epididymis become coated with specific proteins which are secreted by distinct regions of the epididymis. Studies in Abbreviation used: SDS, sodium dodecyl sulphate.
This laboratory on the comparative protein compositions of epididymal fluid and extracts of the plasma membranes of mouse spermatozoa have shown that the corpus and cauda epididymis secrete a glycoprotein of relative molecular mass 27000 and this protein was detectable on the surface of cauda but not caput spermatozoa. In the present study, antibodies against mouse unfractionated cauda flnid were raised in the rabbit with the purpose of using the antibody preparation to locate the sites of secretion of specific antigens in the epididymis and to detect the appearance of these antigens on the surface of spermatozoa.
Adult female rabbits were injected subcutaneously with 2ml of a solution, containing 5mg of protein, of luminal fluid from the cauda epididymis, emulsified with the same volume of Freund's complete adjuvant. This injection was repeated twice at fortnightly intervals and blood was collected from the rabbits by cardiac puncture 8 weeks after the first injection. The blood was allowed to clot overnight at 4°C and then centrifuged at 750g for 15min. The serum was heated at 56°C for 30min and the complement-free serum was then mixed successively with erythrocytes, liver and brain cells from adult mouse, essentially according to the method of Herr and Eddy, 1980 . Following immunoabsorption the rabbit antiserum was free from antibody activity against membrane and cytosolic extracts of mouse erythrocytes, liver and brain cells and there was no detectable immune reaction with luminal fluid or spermatozoan membrane extracts from the rat cauda epididymis when assayed by Ouchterlony double-diffusion in 1% agarose gels. The immunoglobulin fraction of the rabbit antiserum was purified by precipitation with ammonium sulphate and chromatography on DEAE-Sephadex A50 (Harboe & Ingild, 1973) . The rabbit antibody fraction reacted strongly against luminal fluid from the mouse cauda epididymis, but there was no detectable immune reaction against luminal fluid from the caput epididymis. The antigen in cauda luminal fluid was identified by labelling radioactively the proteins using isethionyl[ 1 -',C]-acetimidate and immunoprecipitating the antigen with the rabbit antibody and Staphylococcus aureus Cowan Strain I.
The immune precipitate was dissociated in 2% SDS and 5% 2-mercaptoethanol, and subjected to electrophoresis in SDS/polyacrylamide-gels. The electropherograms were examined by fluorography and the antigen was identified as a protein of relative molecular mass 27000. The antigen has been located in the epithelial cells surrounding the cauda epididymal lumen and coating the microvilli and spermatozoa (Fig. I) .
In cases well characteriLed to date, cytosolic and mitochondrial isoenzymes are products of different genes. Two situations may be distinguished. The isoenzymes may be coded by genes with no apparent evolutionary relationship. as exemplified by superoxide dismutase (Muno et ul., 1981) .
Present address: Department of Biochemistry, University Hospital and Medical School, Clifton Boulevard, Nottingham NG7 2UH. U.K. or more commonly by genes which have evolved from a common ancestor, as is the case for aspartate aminotransferase (Barra et al., 1980) . Fumarase seems to be different. Edwards & Hopkinson (1979) provided genetic evidence that the cytosolic and mitochondrial isoenzymes are the products of a single gene, but nevertheless the two isoenzymes are electrophoretically distinct. We decided to investigate the structural relationships between them.
Fumarases were purified from total homogenates of pig liver by fractionation with (NH,)2S0, (Kanarek & Hill, 1964) and affinity chromatography with pyromellitic acid as the immobilized ligand (Beeckmans & Kanarek. 1977) .
